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(54) Refrigeration cycle using a non-azeotrope refrigerant

(57) A refrigeration cycle using a non-azeotrope
refrigerant comprises a compressor (1), a heat-source-
side heat exchanger (2), a use-side heat exchanger
(20a, 20b), a refrigerant pressure reducing apparatus
(7), arefrigerant receiver (6) disposed between a side of
said heat-source-side heat exchanger (2) and said use-
side heat exchanger (20a, 20b), whereby said side is
opposite to another side of said heat-source-side heat
exchanger (2) connected to said compressor (1), a
composition ratio detecting means (8) arranged for
detecting a composition ratio of the refrigerant, and
composition ratio control means (10 to 15, 40 to 44).
The composition ratio detecting means (8) is disposed
between said heat-source-side heat exchanger (2) and
said receiver (6). The composition ratio control means
(10 to 15, 40 to 44) are arranged for taking out gas
refrigerant from said receiver (6) on the basis of the
composition ratio of the refrigerant detected by said
composition ratio detecting means (8) so as to vary the
refrigerant composition ratio mainly used in said refrig-
eration cycle.
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Description

The invention relates to a refrigeration cycle using a
nonazeotrope refrigerant according to the pre-charac-
terizing portion of claim 1.

First, a case in which a non-azeotrope refrigerant is
used as a working medium will be explained. The non-
azeotrope refrigerant is a refrigerant in which two or
more types of refrigerants having different boiling points
are mixed, and has characteristics shown in Fig. 3. Fig.
3 is a vapor-liquid equilibrium diagram illustrating char-
acteristics of a nonazeotrope refrigerant in which two
types of refrigerants are mixed. The horizontal axis indi-
cates the composition ratio X of a refrigerant having a
low boiling point, and the vertical axis indicates temper-
ature. With pressure as a parameter, a saturation vapor
line and a saturation liquid line exist in a high tempera-
ture region indicated by pressure Py when, for example,
pressure is high and when, conversely, pressure is low,
these lines exist in a low temperature region indicated
by pressure P, . The composition ratio X = 0 indicates
that the refrigerant is formed of only a high-boiling-point
refrigerant, and the composition ratio X = 1.0 indicates
that the refrigerant is formed of only a low-boiling-point
refrigerant. In a mixture refrigerant, as shown in Fig. 3,
a saturation liquid line and a saturation vapor line are
determined by the composition thereof. The area below
the saturation liquid line indicates the supercooled
state, and the area above the saturation vapor line indi-
cates the superheated state. The portion surrounded by
the saturation liquid line and the saturation vapor line is
a two-phase state of liquid and vapor. In Fig. 3, X,
denotes the composition ratio of a refrigerant sealed in
a refrigeration cycle. Points P1 to P4 indicate the typical
points of the refrigeration cycle, and point P1 indicates
a compressor outlet portion; point P2 indicates a con-
denser outlet portion; point P3 indicates an evaporator
inlet portion; and point P4 indicates a compressor inlet
portion.

An explanation will be given below of problems
relating to leakage out of the refrigeration cycle, to vari-
ations in the composition of a circulating refrigerant
within the refrigeration cycle in a non-steady state such
as at the start-up time of the refrigeration cycle, and to
refrigeration cycle operation control.

The leakage of a refrigerant out of the refrigeration
cycle is not none even in a hermetically sealed type air-
conditioner or refrigerator. In Fig. 3, point A indicates
the two-phase portion in the refrigeration cycle, in which
the liquid of composition X1 and the vapor of composi-
tion X0 exist. If the mixture refrigerant should leak out
of a heat-transfer tube of a heat exchanger or from a
connection tube of a component, it would be a refriger-
ant of composition ratio X, in the case of liquid leakage,
and a refrigerant of composition ratio X5 in the case of
vapor leakage. Therefore, the composition ratio of the
refrigerant remaining within the refrigeration cycle dif-
fers depending upon whether liquid or vapor leaks.

10

15

20

25

30

35

40

45

50

55

Fig. 4 is an illustration of a problem caused by the
leakage of a refrigerant to the outside. If liquid leaks, the
remaining mixture refrigerant enters the state of X in
which the ratio of a low boiling-point refrigerant is large;
if vapor leaks, the remaining mixture refrigerant enters
the state of X5 in which the ratio of a high boiling-point
refrigerant is large. In Fig. 2, X; indicates the composi-
tion ratio of a refrigerant which is sealed in initially. If a
state in which the composition is X, is compared with a
state in which the composition is X at the same pres-
sure, the temperature when the composition is X; is
lower. If, however, a state in which the composition is X,
is compared with a state in which the composition is X
at the same pressure, the temperature when the com-
position is X, is higher.

Fig. 5 shows general characteristics of a refrigera-
tion cycle with respect to the composition ratio of the low
boiling-point refrigerant. When the composition ratio X
becomes larger, and therefore heating and cooling per-
formance improves.

If the refrigerant leaks out of the refrigeration cycle
in which a non-azeotrope refrigerant is used as a work-
ing medium, as described above, the composition ratio
of the refrigerant remaining within the refrigeration cycle
changes from the initial composition ratio, i.e., from the
designed composition ratio for the apparatus depending
upon leaked portions. Even if there is no leakage to the
outside, there is a possibility that the composition ratio
of the refrigerant circulating within the refrigeration cycle
may vary in the non-steady state of the refrigeration
cycle.

Changes in the composition ratio of the refrigerant
within the refrigeration cycle cause problems; for exam-
ple, heating and cooling capacity is varied, or pressure
or temperature becomes abnormal. Therefore, the
refrigeration cycle must be controlled properly.

Since a chlorofluorocarbon refrigerant containing
chlorine is considered to damage an ozone layer, a non-
azeotropic mixture of a chlorofluorocalcium refrigerant
containing no chlorine has been proposed as an alter-
native refrigerant. A consideration must be given to the
mixture refrigerant in order to safeguard the earth envi-
ronment.

The control of a refrigeration cycle in which a non-
azeotropic mixture is used as a working medium is dis-
closed in, for example, Japanese Patent Unexamined
Publication Nos. 59-129366, 61-213554, and 64-58964.

Japanese Patent Unexamined Publication No. 59-
129366 discloses that an electrostatic capacitance sen-
sor is used as a means for detecting the composition of
a refrigerant circulating within the refrigeration cycle.
Further, it is disclosed that the refrigeration cycle com-
prises a first liquid receiver and a second liquid receiver,
an electric heater being disposed in the second liquid
receiver. When the outdoor air temperature is low dur-
ing a heating operation, the electric heater of the sec-
ond liquid receiver is operated and controlled so that a
set refrigerant concentration is reached.
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Disclosed in Japanese Patent Unexamined Publi-
cation No. 61-213554 is an apparatus comprising a sep-
arator for separating a low-boiling-point refrigerant, a
liquid receiver for storing a low-boiling-point refrigerant,
and a control valve for returning the refrigerant from the
liquid receiver, which apparatus controls the composi-
tion of the refrigerant on the basis of the temperature of
an element to be cooled.

Disclosed in Japanese Patent Unexamined Publi-
cation No. 64-58964 is a mixture refrigerant composi-
tion variable refrigeration cycle in which the upper
portion of the liquid receiver is connected to a refriger-
ant tank and the lower portion of the liquid receiver is
connected to the refrigerant tank, which refrigeration
cycle comprises a refrigerant tank capable of exchang-
ing heat with a gas pipe through which a heat-source-
side heat exchanger is connected to a use-side heat
exchanger, a liquid receiver and the like.

As described above, in the refrigeration cycle in
which a nonazeotrope refrigerant is sealed in, the com-
position ratio of the refrigerant within the refrigeration
cycle may vary when the refrigerant leaks out of the
refrigeration cycle or during the non-steady operation of
the refrigeration cycle. The capacity of the refrigeration
cycle can be varied by making the composition variable.
Therefore, to obtain a high-capacity refrigeration cycle,
itis important to control the refrigerant composition ratio
within the refrigeration cycle so as to realize a stable
operation. There has been a demand for a method of
varying this composition ratio inexpensively. Further, it
is necessary to use a refrigerant which does not contain
chlorine and does not damage the ozone layer, in which
a consideration is given to safeguard the earth environ-
ment.

US-A-5 186 012 discloses a heat pump system
using a non-azeotropic refrigerant mixture comprising a
main refrigeration circuit, an engine coolant circuit, and
a refrigerant rectifier circuit interfacing with the main
refrigeration circuit and the engine coolant circuit. The
refrigerant rectifier circuit comprises in order of
decreasing relative elevation a condenser, a storage
vessel in communication with a condenser, a rectifier in
communication with a storage tank and a condenser, a
receiver vessel in communication with a rectifier, and a
boiler in communication with the rectifier and the
receiver vessel. A ratio detecting means is disposed in
the receiver. The refrigerant rectifier circuit is used to
adjust the relative concentrations of lower boiling point
refrigerant, and higher boiling point refrigerant in the
non-azeotropic refrigerant mixture thereby changing the
cooling or heating capacity of the heat pump system.
However, in the system according to US-A-5 186 012
only liquid refrigerant can be taken from the receiver.

In general according to the prior art adjustment of
the relative concentrations of the components of a non-
azeotropic refrigerant is carried out actively operating
only with one phase of the refrigerant. Therefore, the
prior art has the problem that the width of the adjust-
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ment of the concentration is narrow.

It is an object of the invention to provide a refrigera-
tion cycle using a non-azeotrope refrigerant, which
refrigeration cycle ensures a wide range of adjustment.

This object is achieved by a refrigeration cycle
according to claim 1.

In the refrigeration cycle according to the invention
not only liquid refrigerant flow between the heat-source-
side and the use-side through the receiver is ensured
but also gas refrigerant can be taken from the receiver
in response to the composition ratio of the refrigerant
detected by the composition ratio detecting means. This
allows adjustment of the refrigerant composition ratio in
a wide range. Moreover it is advantageous that the com-
position ratio detecting means is not disposed in the
receiver but between the heat-source-side heat
exchanger and the receiver. This arrangement of the
composition ratio detecting means allows a more accu-
rate measurement of the refrigerant composition ratio
mainly used in the refrigeration cycle.

Advantageous and preferred embodiments of the
refrigeration cycle according to the invention are subject
matter of claims 2 to 5.

Preferred embodiments of the invention will now be
described with respect to the accompanying drawings in
which

Fig. 1 is a schematic view of a refrigeration cycle
having a control apparatus for controlling the com-
position of a non-azeotrope refrigerant;

Fig. 2 is a longitudinal sectional view of a refrigerant
circuit for controlling the composition of the refriger-
ant;

Fig. 3 is a diagram illustrating the characteristics of
a non-azeotrope refrigerant;

Fig. 4 is a diagram illustrating the relationship
between the composition of the non-azeotrope
refrigerant and temperature;

Fig. 5 is a diagram illustrating the characteristics of
a refrigeration cycle in which a non-azeotrope
refrigerant is used,;

Fig. 6 is a diagram illustrating the characteristics of
a non-azeotrope refrigerant;

Fig. 7 shows an example of the composition of
three-type mixture refrigerant;

Fig. 8 is a sectional view of an electrostatic capaci-
tance type composition ratio detecting sensor;

Fig. 9 is a diagram illustrating the relationship
between the composition of the non-azeotrope
refrigerant and the electrostatic capacitance value;
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Fig. 10 is a flowchart illustrating the control of the
composition of the non-azeotrope refrigerant;

Fig. 11 is a schematic view of a refrigeration cycle
having a control apparatus for controlling the com-
position ratio of the non-azeotrope refrigerant;

Fig. 12 is a detailed view of a refrigerant separation
circuit;

Fig. 13 is a flowchart illustrating the control of the
composition ratio of the non-azeotrope refrigerant;

Fig. 1 illustrates a refrigeration cycle in which a plu-
rality of indoor machines are connected to one outdoor
machine in accordance with a first embodiment of the
present invention. Referring to Fig. 1, reference numeral
1 denotes a compressor; reference numeral 2 denotes
an outdoor heat exchanger; reference numeral 3
denotes an outdoor air blower; reference numeral 4
denotes a four-way valve; reference numeral 5 denotes
an accumulator; reference numeral 6 denotes a
receiver; and reference numeral 7 denotes an outdoor
refrigerant control valve which acts as a pressure reduc-
ing mechanism during a heating operation. Reference
numeral 8 denotes a sensor for detecting the composi-
tion of a non-azeotrope refrigerant; reference numeral
10 denotes a refrigerant tank; reference numeral 11
denotes a cooling unit; reference numerals 12, 13 and
14 denote open/close valves; reference numerals 15,
16 and 17 denote pipes; reference numerals 91, 92, 93
and 94 denote check valves which constitute an outdoor
machine. Reference numerals 20a and 20b denote
indoor heat exchangers; reference numerals 21a and
21b denote indoor refrigerant control valves which act
as a pressure reducing mechanism during a cooling
operation; reference numerals 22 and 23 denote refrig-
erant distribution units; and reference numerals 24 and
25 denote pipes for connecting indoor machines to out-
door machines. The illustration of the indoor air blower
is omitted.

Next, a detecting apparatus in which an electro-
static capacitance sensor 8 for detecting the composi-
tion of a non-azeotrope refrigerant is used, and a control
apparatus for controlling the open/close valves 12, 13
and 14 are disposed on the outdoor side. In Fig. 1, the
illustration of the control system of the refrigeration
cycle is omitted. A refrigerant which does not contain
chlorine and does not damage the ozone layer is used
as the refrigerant. In this embodiment, an example in
which HFC32 and HFC134a are used as the non-azeo-
trope refrigerant will be explained.

Next, the flow of the refrigerant will be explained.
During a cooling operation, the refrigerant discharged
from the compressor flows in the following order: the
four-way valve 4 — the outdoor heat exchanger 2 — the
check valve 93 — the composition sensor 8 — the out-
door refrigerant control valve 7 — the check valve 92 —»
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the receiver 6. The refrigerant is distributed by a refrig-
erant distribution unit 23, a part of the refrigerant flows
in the order: the indoor heat exchanger 20a — the
indoor refrigerant control valve 21a, and the other flow
in the order: the indoor heat exchanger 20b — the
indoor refrigerant control valve 21b. They merge in a
distribution unit 22 and flow in the order: the pipe 24 —
the four-way valve 4 — the accumulator 5, and return to
the compressor. At this time, the indoor heat exchang-
ers 20a and 20b act as evaporators and a cooling oper-
ation is performed.

On the other hand, during a heating operation, the
refrigerant discharged from the compressor flows in the
following order: the four-way valve 4 — the pipe 24 —»
the distribution unit 22. A part of the refrigerant flows in
the order: the indoor refrigerant control valve 21a — the
indoor heat exchanger 20a, and the other flow in the
order: the indoor refrigerant control valve 21b — the
indoor heat exchanger 20b. They merge in a distribution
unit 23 and flow in the order: the pipe 25 — the receiver
6 — the check valve 94 — the composition sensor 8 —
the outdoor control valve 7 — the check valve 91 — the
outdoor heat exchanger 2 — the four-way valve 4 — the
accumulator 5, and return to the compressor. At this
time, the indoor heat exchangers 20a and 20b act as
condensers and a heating operation is performed.

The details of the low-boiling-point refrigerant sepa-
ration circuit of Fig. 1 are shown in Fig. 2. In Fig. 2, a
cooling unit 11 is a double-pipe heat exchanger. When
a liquid refrigerant is stored in a refrigerant storage tank
10, the open/close valves 12 and 13 are opened. In this
case, the liquid in the bottom of the receiver 6 flows out
through the open/close valve 12, and the liquid is
formed into a low-temperature refrigerant by the pres-
sure reducing effect of the open/close valve 12 and
guided into the inner pipe of the cooling unit 11. On the
other hand, gas inside the receiver 6 flows out through
the open/close valve 13 and is guided into the outer pipe
of the cooling unit 11. The low-temperature refrigerant
gas of the inner pipe exchanges heat with the gas of the
outer pipe, and the low-temperature refrigerant is gasi-
fied and guided into the accumulator 5 through the pipe
15. The condensed liquefied refrigerant of the outer
pipe is guided into the refrigerant storage tank 10. When
a predetermined amount of liquid refrigerant is stored in
the refrigerant storage tank 10, the open/close valves
12 and 13 are closed. The above operation and effect
make it possible to store the liquid refrigerant in the
refrigerant storage tank 10. To discharge the liquid
refrigerant from the refrigerant storage tank 10, the
open/close valve 14 is opened so that the liquid refriger-
ant can be discharged to the accumulator 5 through the
pipe 15.

The composition varying effect will be explained
below.

The state of the refrigerant inside the receiver,
which is made clear by the experiment conducted by the
inventors of the present invention, will now be explained
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using a cooling operation as an example. Gas and liquid
flow into the receiver 6 from the pipe 17, and the gas
rises in the liquid layer inside the receiver 6, forming a
gas layer. Then, the gas is condensed by the inner wall
of the receiver 6 and liquefied. Thereafter, the gas is
formed into only liquid in an outlet pipe 16 and flows out.
The experimental results show that when the refrigerant
dryness of the inlet is great, the liquid disappears inside
the receiver 6, and when the refrigerant dryness is
small, the receiver 6 is filled with the liquid. The experi-
ment also revealed that the variation of the dryness with
respect to the variation in the amount of liquid is 0.01 or
less. That is, the dryness of the refrigerant which flows
into the receiver is very small.

Fig. 6 illustrates changes of the state of the refriger-
ant in a refrigerant passage from the condenser to the
receiver when a non-azeotrope refrigerant is used as a
thermal medium. The horizontal axis indicates the com-
position ratio X of the lowboiling-point refrigerant, i.e.,
HFC32, and the vertical axis indicates temperature, with
pressure being constant. The state X = 0 indicates a
state in which only HFC134a is contained in the refrig-
erant, and the state X = 1 indicates a state in which the
refrigerant is formed of only HFC32. In the non-azeo-
trope refrigerant, as shown in the figure, the tempera-
ture of the saturation vapor differs from that of the
saturation liquid at the same pressure. The composition
ratio X indicates the composition ratio of the refrigerant
sealed in the refrigeration cycle. Point A indicates the
state of the inlet of the condenser; point B indicates the
condensation start point; point C indicates the state of
the inside of the receiver; and point D indicates the state
of the outlet of the cooling unit. Point C, as described
above, indicates that the flow rate of the liquid is very
small. Point E indicates the liquid state inside the
receiver, and the composition ratio of HFC32 is Xj.
Point F indicates the gas state, and the composition
ratio of HFC32 is X;. It can be seen that the composition
ratio of gas at point F is greater than the composition
ratio Xq of the refrigerant sealed in the refrigeration
cycle, and the composition ratio in the refrigeration
cycle can be varied by taking out gas.

In Figs. 1 and 2, a gas refrigerant having a large
composition ratio of HFC32 taken out from the upper
portion of the receiver 6 is liquefied in the cooling unit 11
and stored in the tank 10. As a result, the composition
ratio of the refrigerant within the refrigeration cycle
becomes smaller than X,. When the composition ratio
of the refrigerant within the refrigeration cycle is smaller
than X, it is possible to return the refrigerant having a
large composition ratio of HFC32 to the refrigeration
cycle by opening the open/close valve 14.

As described above, the refrigerant composition
ratio in the main refrigeration cycle can be varied by tak-
ing out or returning the gas refrigerant inside the
receiver.

Although the above-described embodiment
describes a case in which a mixture refrigerant of two

10

15

20

25

30

35

40

45

50

55

types of refrigerants, i.e., HFC32 and HFC134a, are
used as a refrigerant, the present invention may be
applied to a mixture refrigerant of more than two types.
For example, the present invention may be applied to a
threetype mixture refrigerant of HFC32, HFC125 and
HFC134a shown in Fig. 7. The numeric values shown in
Fig. 7 indicate weight percentage (%) of HFC32,
HFC125 and HFC134a, and a mixture refrigerant of var-
ious weight percentages may be considered. Of
HFC32, HFC125 and HFC134a, the boiling points of
HFC32 and HFC125 are higher than that of HFC134a,
and therefore the present invention utilizing the differ-
ence between the boiling points of mixed refrigerants
may be applied. HFC32 and HFC125 exhibit azeotropic
characteristics which can be regarded as a single refrig-
erant, and the abovedescribed mixture refrigerant can
be assumed as a mixture refrigerant of the azeotrope
refrigerant of HFC32 and HFC125, and HFC134a. The
composition varying function of the present invention
may be exhibited for a mixture refrigerant of HFC32,
HFC125 and HFC134a. In Figs. 1 and 2, gas in the
upper portion of the receiver 6 is a low boiling-point
refrigerant having a large refrigerant composition ratio,
whose compositions of HFC32 and HFC125 from
among the three types of refrigerants are large. The gas
having large compositions of HFC32 and HFC125,
taken out from the upper portion of the receiver 6, is lig-
uefied by the cooling unit 11 and stored in the tank 10.
As aresult, regarding the composition ratio of the refrig-
erant within the refrigeration cycle, the composition
ratios of low-boiling-point refrigerants, i.e., HFC32 and
HFC125, are small, and the composition ratio of the
high-boiling-point refrigerant, i.e., HFC134a, is large.
Regarding the composition ratio within the refrigeration
cycle, it is possible to return the composition ratio of the
HFC32 and HFC125 to the original state by opening the
open/close valve 14. As stated above, it is possible to
vary the composition of the refrigerant in the case of a
three-type mixture refrigerant.

Next, an explanation will be given of an embodi-
ment of the electrostatic capacitance type sensor 8 for
detecting the composition of a mixture refrigerant. Fig. 8
is a sectional view of the electrostatic capacitance type
composition detecting sensor 8 shown in Fig. 1. In Fig.
8, reference numeral 53 denotes an outer tube elec-
trode, and reference numeral 54 denotes an inner tube
electrode, both of which are hollow tubes. The inner
tube electrode 54 is fixed at its both ends by stoppers
55a and 55b in which a circular groove is provided in the
central portion of the outer tube electrode 53. The outer
diameter of the stoppers 55a and 55b is nearly the
same as the inner diameter of the outer tube electrode
53, and the side opposite to the inner tube electrode
holding side is fixed by the refrigerant introduction pipe
59 having an outer diameter nearly the same as the
inner diameter of the outer tube electrode 53. In addi-
tion, the refrigerant introduction pipe 59 is fixed to the
outer tube electrode 53.
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As a result, the inner tube electrode 54 is fixed to
the central portion of the outer tube electrode 53. An
outer-tube electrode signal line 56 and an inner-tube
electrode signal line 57 are connected to the outer tube
electrode 53 and the inner tube electrode 54 in order to
detect an electrostatic capacitance value. A signal line
guide tube 58 (e.g. a hermetic terminal) for guiding the
inner-tube electrode signal line 57 to the outside of the
outer tube electrode 53 and for preventing the refriger-
ant inside from escaping to the outside, are disposed
outside the inner-tube electrode signal line 57. In the
stoppers 55a and 55b, at least one through passage
having a size smaller than the inner diameter of the
inner tube electrode 54 is disposed in the central portion
thereof, and at least one passage for the refrigerant is
disposed at a place between the inner tube electrode 54
and the outer tube electrode 53, so that the flow of the
mixture refrigerant flowing through the inside is not
obstructed.

Next, an explanation will be given of a method of
detecting the composition of a mixture refrigerant by
using the electrostatic capacitance type composition
ratio detecting sensor 8. Fig. 9 illustrates the relation-
ship between the composition ratio of the refrigerant
and the electrostatic capacitance value when the elec-
trostatic capacitance sensor is used. Fig. 9 illustrates
measured values obtained when HFC134ais used as a
high boiling-point refrigerant and HFC32 is used as a
low boiling-point refrigerant from among the mixture
refrigerant and they are sealed in the composition ratio
detecting sensor shown in Fig. 8 as gas and liquid,
respectively. The horizontal axis indicates the composi-
tion ratio of the HFC32, and the vertical axis indicates
the electrostatic capacitance value which is an output
from the composition ratio detecting sensor 8.

In Fig. 9, a comparison of the electrostatic capaci-
tance value of gas of each refrigerant with that of liquid
of each refrigerant shows that the liquid refrigerant has
a larger value, and the difference between the electro-
static capacitance value of gas and that of liquid is
large, in particular, in the HFC134a. This indicates that
the electrostatic capacitance value varies when the dry-
ness of the refrigerant varies. In contrast, a comparison
between the electrostatic capacitance values of
HFC134a and HFC32 shows that HFC32 has a larger
electrostatic capacitance value for both liquid and gas.
This indicates that only a gas or liquid refrigerant exists
in the composition ratio detecting sensor 8, and when
the composition of the refrigerant varies, the electro-
static capacitance value varies.

However, since the inside of the composition ratio
detecting sensor 8 enters a two-phase state of gas and
liquid, the electrostatic capacitance value varies due to
the dryness of the refrigerant in addition to the composi-
tion ratio of the mixture refrigerant, it becomes impossi-
ble to detect the composition ratio. Therefore, when the
composition ratio of the mixture refrigerant is detected
by using the composition ratio detecting sensor 8, it is
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necessary to dispose the composition ratio detecting
sensor 8 in a portion where the refrigerant is always gas
or liquid in the refrigeration cycle. In this embodiment,
since the check valves 91 to 94 are arranged, the refrig-
erant passing through the composition ratio detecting
sensor 8 is in a liquid state. Means other than the elec-
trostatic capacitance type may be used for the composi-
tion ratio detecting means.

Next, Fig. 10 is a flowchart illustrating a method of
controlling the refrigeration cycle shown in Fig. 1. When
a predetermined condition is satisfied after the refriger-
ation cycle is started, the composition ratio is deter-
mined on the basis of a signal from the composition
ratio detecting sensor 8. A check is made to determine
whether the detected composition ratio X is greater than
the composition ratio X of the refrigerant sealed in the
refrigeration cycle. When X > (Xg + a), the open/close
valves 12 and 13 are opened. When the condition (X -
a) < X < (Xg + o) is satisfied, the open/close valves 12
and 13 are closed. When the detected composition ratio
X < (Xp - o), the open/close valve 14 is opened, and
when (X - a) < X < (Xg + o) is satisfied, the open/close
valve 14 is closed. a is the tolerance.

Therefore, it is possible to control the composition
of the refrigerant within the refrigeration cycle to X or
thereabouts, making it possible to prevent the pressure
on the high pressure side from abnormally increasing
and making a stable operation possible. Since the com-
position ratio of the nonazeotrope refrigerant can be
varied, it becomes possible to vary the heating and
cooling capacity as shown in Fig. 3.

Next, a second embodiment of the refrigeration
cycle in accordance with the present invention is shown
in Fig. 11. Fig. 11 also shows a refrigeration cycle in
which the composition ratio of the non-azeotrope refrig-
erant can be varied, and the functions of the embodi-
ment shown in Fig. 1 are integrated. Components in Fig.
11 having the same reference numerals as those in Fig.
1 designate identical components. Reference numerals
33 and 34 denote pipes. Reference numeral 40 denotes
arefrigerant tank; reference numerals 41 and 43 denote
open/close valves; and reference numerals 42 and 44
denote pipes. The refrigerant tank 40 is formed integral
with the accumulator 5 as shown in Fig. 11, so that heat
can be exchanged between the refrigerant tank 40 and
the accumulator 5. The direction of flow of the refriger-
ant during heating and cooling operations is the same
as in Fig. 1. In Fig. 11, it is possible to make the liquid
refrigerant in the bottom portion of the accumulator 5
flow out to the tank 40 via the open/close valve 43 and
stored therein.

Further, the gas refrigerant inside the receiver 6
can be condensed and liquefied by making the gas
refrigerant flow into the tank 40 via the open/close valve
41 and exchanging heat with the accumulator 5. It is
also possible to make the liquid refrigerant in the bottom
portion of the tank 40 flow out into the accumulator 5 via
the open/close valve 43 so that the liquid refrigerant is
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returned to the main refrigeration cycle. Therefore, by
opening the open/close valve 41, it is possible to
release gas having a large composition ratio of HFC32
from the main refrigeration cycle and decrease the com-
position ratio of HFC32. On the other hand, by opening
the open/close valve 43, it is possible to release the lig-
uid refrigerant having a large composition ratio of
HFC134a from the main refrigeration cycle and
decrease the composition ratio of HFC134a.

Fig. 12 is a detailed view of the receiver 6, the accu-
mulator 5 and the tank 40, all of which are shown in Fig.
11. Components in Fig. 12 having the same reference
numerals as those in Fig. 11 designate identical compo-
nents. A pipe 34 through which the accumulator 5 is
connected to the compressor 1 is formed into a U-shape
inside the accumulator 5, and the end portion thereof is
open in the upper portion of the accumulator 5. A hole
36 for returning oil circulating within the refrigeration
cycle is disposed in the bottommost portion of the U-
shape, and a hole 35 for making a part of gas flow out is
disposed in the topmost portion of the U-shape. A pipe
42 and the open/close valve 41 are connected to each
other at an appropriate position in the upper portion of
the receiver 6 and at an appropriate position in the
upper portion of the refrigerant tank 40. Further, a pipe
44 and the open/close valve 43 are connected to each
other at appropriate positions of the lower portion of the
accumulator 5 and the refrigerant tank 40. Although the
refrigerant tank 40 is formed integral in the lower portion
of the accumulator 5 in Fig. 12, the refrigerant tank 40
may be arranged in any way if heat can be exchanged
between the accumulator 5 and the refrigerant tank 40.

Fig. 13 is a flowchart for controlling the refrigeration
cycle shown in Fig. 11. When a predetermined condition
is satisfied after the refrigeration cycle is started, the
composition ratio is determined on the basis of a signal
from the composition ratio detecting sensor. A check is
made to determine whether the detected composition
ratio X is greater than the composition ratio X, of the
refrigerant sealed in the refrigeration cycle. When X >
(Xo + @), the open/close valve 41 is opened. When the
condition (Xg - a) < X £ (Xp + o) is satisfied, the
open/close valve 41 is closed. When the detected com-
position ratio X < (X5 + o) and X < (Xy - o), the
open/close valve 43 is opened. When (X; - o) < X < (X,
+ <) is satisfied, the open/close valve 43 is closed.
Therefore, it is possible to control the composition of the
refrigerant within the refrigeration cycle to X or therea-
bouts, making a stable operation possible. Since the
composition ratio of the nonazeotrope refrigerant can
be varied, it becomes possible to vary the heating and
cooling capacity as shown in Fig. 3.

Claims

1. Refrigeration cycle using a non-azeotrope refriger-
ant and comprising
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- acompressor (1),

- a heat-source-side heat exchanger (2),

- ause-side heat exchanger (20a, 20b),

- arefrigerant pressure reducing apparatus (7),

- arefrigerant receiver (6) disposed between a
side of said heat-source-side heat exchanger
(2) and said useside heat exchanger (20a,
20b), whereby said side is opposite to another
side of said heat-source-side heat exchanger
(2) connected to said compressor (1),

- a composition ratio detecting means (8)
arranged for detecting a composition ratio of
the refrigerant, and

- composition ratio control means (10 to 15, 40
to 44)
characterized in that

- the composition ratio detecting means (8) is
disposed between said heat-source-side heat
exchanger (2) and said receiver (6), and

- the composition ratio control means (10 to 15,
40 to 44) are arranged for taking out gas refrig-
erant from said receiver (6) on the basis of the
composition ratio of the refrigerant detected by
said composition ratio detecting means (8) so
as to vary the refrigerant composition ratio
mainly used in said refrigeration cycle.

Refrigeration cycle according to claim 1, character-
ized in that

- the refrigeration cycle comprises an accumula-
tor (5) arranged for supplying the compressor
(1) with refrigerant, and

- the composition ratio control means comprise

- arefrigerant tank (10) connected with

- the receiver (6) via a first pipe com-
prising a first open/close valve (13),
and

- the accumulator (5) via a second pipe
(15) comprising a second open/close
valve (14),

and

- a third pipe comprising a third open/close
valve (12), which third pipe is coupled with
the receiver (6) at one end of the third pipe
and joins the second pipe (15) between the
second open/close valve (14) and the
accumulator (5),

whereby

- apart of the third pipe is embedded into a part
of the first pipe, which parts in such a way form
a cooling unit (11),

- the first open/close valve (13) and the third
open/close valve (12) are arranged between
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the cooling unit (11) and the receiver (6),

the receiver (6), the refrigerant tank (10), the
cooling unit (11), the first pipe, the third pipe,
the first open/close valve (13), and the third
open/close valve (12) are arranged such that
when the first and third open/close valves (13,
12) are open

- liquid refrigerant in a bottom of the receiver
(6) flows out through the third open/close
valve (12) thereby being transformed into a
low-temperature refrigerant by a pressure
reducing effect of the third open/close
valve (12),

- gas refrigerant inside the receiver (6) flows
out through the first open/close valve (13),
condenses in the cooling unit (11) and is
then guided as liquid into the refrigerant
tank (10),

and

the refrigerant tank (10), the second pipe (15),
the third pipe, the second open/close valve
(14), the third open/close valve (12), and the
accumulator (5) are arranged such that the lig-
uid stored in the refrigerant tank (10) can be
discharged to the accumulator (5) through the
second pipe (15) when the third open/close
valve (12) is closed and the second open/close
valve (14) is open.

3. Refrigeration cycle according to claim 1, character-
ized in that

the refrigeration cycle comprises an accumula-
tor (5) arranged for supplying the compressor
(1) with refrigerant, and

the composition ratio control means comprise

- arefrigerant tank (40) connected with

- the receiver (6) via a first pipe (42)
comprising a first open/close valve
(41), and

- the accumulator (5) via a second pipe
(44) comprising a second open/close
valve (43),

whereby

the accumulator (5) and the refrigerant tank
(40) are arranged such that heat can be
exchanged between the refrigerant tank (40)
and the accumulator (5),

the receiver (6), the refrigerant tank (40), the
first pipe (42) and the first open/close valve (41)
are arranged such that when the first
open/close valve (41) is open gas refrigerant
inside the receiver (6) flows out through the first

10

15

20

25

30

35

40

45

50

55

pipe (42) into the refrigerant tank (40) where it
is condensed to liquid due to the heat
exchange with the accumulator (5), and

- the refrigerant tank (40), the second pipe (44),
the second open/close valve (43), and the
accumulator (5) are arranged such that the lig-
uid stored in the refrigerant tank (40) can be
discharged to the accumulator (5) through the
second pipe (44) when the second open/close
valve (43) is open.

Refrigeration cycle according to claim 3, character-
ized in that the refrigerant tank (40) is formed inte-
gral in a lower portion of the accumulator (5).

Refrigeration cycle according to claim 1, character-
ized in that the composition ratio detecting means
(8) is an electrostatic capacitance type sensor.
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